Abstract-In radio frequency (RF) applications, microelectromechanical system (MEMS) offers better isolation, low loss, and low power consumption over the electronic switches. The satellite system and telecommunication system require high performance of switching array. In this project, a switching array size of 2x2 is modeled using 6 units of identical MEMS series switch. The switch array is able to perform connection through 2 input ports and 2 output ports. The simulation is performed using CoventorWare, and the electromagnetic characteristics are simulated using EM3DS. A single series switch has pulled in voltage of 4.5V, isolation of -25.3 dB, and insertion loss of -0.038 dB at 12 GHz. For the overall performances of 2x2 arrays, the simulation shows insertion loss less than -0.1 dB, and isolation better than -40 dB at 12GHz.
INTRODUCTION
MEMS (Micro-Electro-Mechanical Systems) is the integration of mechanical elements, sensors, actuators, and electronics into a single system through micro-fabrication technology. MEMS switches are composed of a beam or a membrane that can be electrically actuated and transform the electrical energy into mechanical movement in order to make physical contact with transmission lines.
RF and microwave switches are used extensively in wireless systems for signal routing, switching signals of antennas to enable the transmitting and receiving chains. While electromechanical switches have not widely use in RF and microwave applications, solid-state switching technology such as PIN diode and FET was used extensively. These solidstate RF devices are exploiting for their high switching speeds, commercial availability, and low manufacturing cost [1] , but the drawback of solid-state switches are high insertion loss, low isolation, and require more current to operate. RF MEMS technology also has zero standby power consumption, and high performance filters operating in the tens of megahertz-toseveral gigahertz frequency range [2] . The recurring demand for wide bandwidths wireless systems, and integrated with IC has led to revolutionary progress in miniaturization, superior performance of MEMS [2] . The superior performance of MEMS made it applicable for many applications such as defence application, satellite communications systems, radar system, wireless communications systems and etc.
For radio frequency applications such as telecommunication system and satellite system usually use many switches, which connected in array architecture to realize the functionality of the respective system. A high performance switching array is very important in telecommunication application for mobile devices, the link quality of devices always facing antenna mismatch problem (mismatch of antenna impedance). This is because the miniaturized high-Q antennas have narrow bandwidth and detuning of the antenna resonance frequency [3] , [4] . The mismatched antennas will reduce the maximum field strength, weaken the modulation quality and receiver sensitivity. The effects will be experienced by the users where their mobile phone receives a weak 3G signal rather than a strong EDGE signal when the network mode was set to auto. The antenna also requires more energy to keep connecting the weak 3G signal. This in turn will drain much more battery. Therefore, the uses of adaptive matching networks in mobile phones require low insertion loss, high linearity and a better tuning range.
The existing copper-wire telecommunication not only transmitting phone conversation, it also being used to transmit signal in an asymmetrical digital subscriber line (ADSL), ADSL provide a high speed data transfer, and internet broadband services. The networks are linked together between servers and users using manual network switch, which located in street cabinets, central office or main distribution frame. However, the physical wire connection needs to re-configure when a user wants to change their network provider. This job has to be done manually by human labor. This results an increase of labor cost and waste of resources. The possible solution is to integrate the RF MEMS switch into the main distribution frame, form an automated switch. The MEMS switch should provide any connection so that the switching of copper wire can be done remotely to any desire connection [5] .
RF MEMS switch also can be implemented as reconfiguration system such as microstrip antennas, because the microstrip antennas can be fabricated on an IC. However, the resonant frequencies, and the wavelength of the antennas are needed to vary for different operating mode, hence reconfiguration shown in Figure 1 is using twelve units of RF MEMS switches are able to configure and operate as three different antennas. The reconfiguration system shown can be applied using arrays of RF MEMS switches, and the performance is accessed by measuring the RF parameters of the MEMS switch that connected together in series [6] . Figure 1 : Layout of reconfiguration system using RF MEMS switch [6] The switching networks in satellite system use coaxial switches array. The coaxial switch exhibits very high isolation and low loss, which is ideal for RF application. However, the switch is heavy and the cost to build a coaxial switch is too expensive, USD 5-7K each, which cost near a millions of dollars [7] . Therefore, the RF MEMS switch can be the replacement technology. An example of 4x4 DPDT RF MEMS switches array is shown in Figure 2 . The array consists of 16 switches and the lowest insertion loss for switching array is -1.0 dB [7] . If the array size increases, the insertion loss also increases, so this is a weakness when the RF MEMS switches are connected in series. [7] MEMS switches can be categorized into metal contacting switches and capacitive coupling switches. Metal contacting switches are often implemented as series switches. Series contact switch has a series connection between two transmission lines during ON state. The series connection is accomplished by bending a cantilever that fixed at one end while the other end, a good conduction metal is attached to the top of two transmission lines when the actuation voltage is applied. Once the actuation voltage is removed, the cantilever tensile force pulls it back to its original structure and the metal contact is moved to the end of cantilever away from the transmissions lines. The operation of series contact switch is shown in Figure 3 and 
A. RF MEMS Switch Array specifications
A good RF MEMS switch must be designed in order to meet some technical specification. The operating frequency is between 8 -16 GHz ranges. Table 1 describes the desired RF MEMS specifications needed. 
The value of g o is set to 1.5µm because larger gap height can provide better isolation than lower gap height, so 1.5µm is better than 1.0µm in terms of isolation capability.
The actuation voltage is set 5.0V, substitute the pre-define parameters into equation (1), yield:
! ! is equal to 8.85x10
-12 , rearranging the equation;
According to the calculation, the ratio of spring constant to the actuation pad's area must be equal to 221354695.4. Then, the actuation pad's area equal to 120µm*126µm = 0.01512µm 2 is set. The spring constant of the beam value is 3.347 N/m.
From the spring constant formula of cantilever, equation (4) , the young modulus of silicon nitride is 210GPa, thickness of the beam is set to 1.5 µm, into the equation,
Equation (6) shows the ratio of the beam width to the cube of beam length must be equal to 18888934 µm -2 . Therefore, the beam length is equal to 128 µm while the width of the beam more or less 39.6 µm.
C. Analytical study of electromagnetic parameters
i.
Insertion loss
The series resistance of a single switch is 2Ω, and the characteristics impedance of the RF line is 50Ω, substitute into equation (7) A single switch has -0.0380 dB of insertion loss, two of the same switch design is connected in series, the insertion loss will result -0.076dB of loss.
ii. Isolation
The equation to find the isolation is given by: At frequency of 12GHz, the upstate capacitance has a simulation value of 0.01223pF, and the characteristic impedance ! ! is 50Ω. Therefore, equation (10) 
D. Design of Switch Array Architecture
The design of RF MEMS switch array requires large number of switches. The schematic for (2x2) and (4x4) switch arrays designed are as shown in Figure 5 to Figure 7 . 
A. Pull in Voltage Analysis
The simulated pull in voltage is 4.50 V, which is varied from the calculation. Table 3 shows the different between calculated pull in voltage and simulated pull in voltage. The variation of pull in voltage between calculation and simulation is 0.50V. In general it is not a huge problem for this small variation. The suspected reason of variation in pull in voltage is the spring constant formula shown in equation (3.5). Equation 3.5 is valid if one assumes that the beam electrode and the switch tip are held in rigid, however in the simulation, the beam electrode and switch tip were deformed and bent downwards. This condition has changed the overall spring constant of the MEMS switch and thus the result vary from calculation. The spring constant calculated from simulation result is larger than the spring constant calculated from the equation. There is also the possibility that the method or equation used by the simulation software is different from the theoretical formula, thus a slightly different of formula may lead to variation of result.
However the lift off voltage of this particular series switch is 3.25 V as shown in Figure 8 . The pull in voltage and the lift off voltage exhibits a hysteresis effect making the MEMS switch being pulled down at voltage 3.25V or above. Table 4 shows the calculation and simulation results for insertion loss and isolation. For the isolation result, the variation between calculation and simulation has |4.6 dB|, which is much larger than the variation for insertion loss, |0.082 dB|. This is due to the upstate capacitance of the fringing component is not included; this fringing component may made up around 30 % -60 % of capacitance [7] . The variation of insertion loss due to the contact resistance during ON state is assumed to be 2.0 Ω. This is because calculation for contact resistance is technically impossible because of the contact resistance may vary due to compression force, which is impossible to calculate. However the contact resistance is usually between 1 Ω to 5 Ω [7] .
B. S 21 Parameter Comparison

C. Performance Comparison between Different Array
Architecture For different design of switch array, the parameter that defines its performance is ! !" parameter. In the switch OFF state, the parameter is isolation. In RF MEMS switch array that has more than one RF MEMS switch, the isolation is getting better as the number of RF MEMS switch connected in series. Therefore, the parameter that needed to worry is the insertion loss. Since the insertion loss for each RF MEMS switch will be added if they are connected in series. From Table 5 , the best possible 2x2 switch array is 6 switches configuration. The 6 switches configuration is shown in Figure 6 where the signals from the input must go through 2 MEMS switches before it can reach the output in any connection. The insertion loss is -0.0930 dB in ON state, which is considered as low loss, also the isolation goes to -45.730 dB, which is high enough to isolate the signal at the OFF state. Figure 9 and Figure 10 shows the S 21 parameters for the RF MEMS switch at switch ON and OFF condition respectively. The simulated result shows very low loss at 8 GHz -13 GHz, 41 GHz -45 GHz, and 79 GHz -82 GHz ranges of frequency. However Figure 10 shows its poor isolation when the RF frequencies is high, the isolation is around -40 dB at 14 GHz, which means the switch array is best suit for application between 9 GHz -13 GHz, fall at the end of radio X-band and the initial of RF K u band. There are many application fall under X-band such as space communication, satellite system, as well as radar. Figure 11 shows the close up view the insertion loss less than -0.29 dB at frequency between 9 GHz to 13 GHz, which shows the most ideal operating region.
D. Switch Array Layout
The layout of 6 switches 2x2 RF MEMS switch array is constructed using Coventor as shown in Figure 12 . Table 6 shows the control logic of 6 switches 2x2 array. Note that b1 to b6 are the pins that control the actuation pad for, while sw1-sw6 are the RF MEMS series switch. MEMS switch array is a new application of MEMS switch that has potential to contribute in the field of telecommunication, mobile device, and antenna technology. MEMS switch array is still under development which made from the combination of RF signal lines, MEMS switch, control circuit, and fabrication technology where each of these aspects has to be carefully designed and planed.
In this work, the simulation results show that MEMS switch array has a great potential in RF applications and it is possible to replace the ordinary FET switches and coaxial switches.
